Phenotypic plasticity is thought to impact evolutionary trajectories by shifting trait values in a direction that is either favored by natural selection ("adaptive plasticity") or disfavored ("nonadaptive" plasticity). However, it is unclear how commonly each of these types of plasticity occurs in natural populations. To answer this question, we measured glucosinolate defensive chemistry and reproductive fitness in over 1,500 individuals of the wild perennial mustard Boechera stricta, planted in four common gardens across central Idaho, USA. Glucosinolate profiles-including total glucosinolate quantity as well as the relative abundances and overall diversity of different compounds-were strongly plastic both among habitats and within habitats. Patterns of glucosinolate plasticity varied greatly among genotypes. More often than expected by chance, glucosinolate profiles shifted in a direction that matched the direction of natural selection, indicating that plasticity among habitats tended to increase relative fitness. In contrast, we found no evidence for within-habitat selection on glucosinolate reaction norm slopes (i.e., plasticity along a continuous environmental gradient). Together, our results indicate that glucosinolate plasticity may improve the ability of B. stricta populations to persist after migration to new habitats.
Introduction 5
The role of phenotypic plasticity in adaptive evolution has been a subject 6 of great controversy and research interest for decades (Bradshaw 1965 . It has long been recognized that both an organism's genotype and its 9 environment shape its phenotype, which then determines its evolutionary fitness. 10
Strictly speaking, phenotypic variation caused by environmental stimuli is not 11 heritable and therefore cannot result in evolution through systematic changes in 12 allele frequencies (Falconer and Mackay 1996) . Nevertheless, plasticity is 13 predicted to impact evolution by shifting phenotypes that are under natural 14 selection (Bradshaw 1965 ). Furthermore, if patterns of plasticity are genetically 15 variable, then plasticity itself may evolve in response to selection (Gomulkiewicz 16 and Kirkpatrick 1992). It remains unclear how commonly these phenomena 17 occur in natural populations, and whether the adaptive value of plasticity varies 18 for different traits, environments, and spatial scales. 19
One way that plasticity could impact evolution is by accelerating or 20 hindering adaptation to a novel environment-e.g., upon invasion of a new 21 habitat or in response to a relatively sudden ecosystem shift, as might result from 22 climate change (Donohue et al. 2001 ; Richards et al. 2006 ; Ghalambor et al. 23 2007; Anderson et al. 2012) . Plasticity that moves a phenotype closer to the new 24 phenotypic optimum is often called "adaptive" plasticity because it increases 25 fitness relative to a non-plastic genotype (Figure 1g and "black"). Panel (a) depicts a trait that is under pure genetic control with no plasticity. Panel (b) depicts a trait that is plastic but not genetically variable. Panel (c) shows both a genotype effect and plasticity, but no interaction between them. Panels (d)-(f) depict examples of genotype-by-environment interactions. In (d), a genetic difference is detectable only in one site; the genotypes have plasticity of equal magnitude but opposite sign so that the mean phenotype in each site is identical. In (e), only one genotype is plastic. In (f), the genotypes switch rank phenotype; averaged across sites, there is no genetic difference between them, and the average trait value within each site is the same. Note that panels (a)-(f) could represent six different traits measured simultaneously in one experiment: plasticity is a property of a particular trait, a particular genotype, and a particular environmental change. Panels (g)-(k) illustrate how "adaptive" and "nonadaptive" plasticity among environments can be detected. First, each genotype's trait value in each site can be compared to its average trait value across environments (depicted as dashed red or black lines, horizontal in g and vertical in h-j, representing a hypothetical genotype that is identical except that it is completely nonplastic). Next, a selection differential (an equation expressing relative fitness as a function of trait values, shown as solid colored lines in h-j) is calculated for each environment. To determine the expected change in fitness due to plasticity, the selection differential is evaluated at the "no-plasticity" baseline trait value (dashed lines) and at the genotype's true trait value observed in that environment. (k) In hypothetical Environment A, one genotype shows adaptive plasticity and the other shows nonadaptive plasticity. In Environment B, neither genotype shows a significant plastic deviation from its experiment-wide mean. In Environment C, both genotypes show substantial plastic deviations, but the trait is not under selection so the plasticity has no effect on fitness. trait values of two genotypes ("red" and "black") across a range of some continuous environmental predictor. The arrows on the vertical axis indicate reaction norm height, or the trait value for each genotype evaluated at the average value of the environmental predictor (indicated by grey tick marks on horizontal axis and vertical dotted lines). Panel (a) shows a genetic difference with no plasticity-i.e., zero slope. Panel (b) shows plasticity with no genetic difference. Panel (c) shows both plasticity and a genotype effect, but no interaction between them, indicated by parallel reaction norms-the genotypes differ in reaction norm height, but not slope. Panels (d)-(f) all show possible genotype-by-environment interactions, or genetic variation for reaction norm shape. In panel (d) reaction norm slopes differ in sign but not magnitude; in (e) only one genotype is plastic. In panel (f) the genotypes are indistinguishable when averaged across all environments (e.g., if the environmental gradient was unobserved); the genotype difference is environment-dependent. When mean trait values and plasticity are genetically uncorrelated, they can evolve independently. Panel (g) illustrates changes in reaction norm height in response to linear selection for increased mean trait values. Panel (h) illustrates evolutionary change in reaction norm slope in response to linear selection for more positive linear reaction norm coefficients. Note that such selection may result in either increased or decreased overall plasticity (steeper or shallower slope), depending on the original shape of the reaction norm.
Original reaction norm
Evolved reaction norm
Despite several excellent empirical studies (Dudley and Schmitt 1996 ; phytochemical plasticity has been identified as a high priority research target 71 (Hendry 2015) . Here, we address these needs by studying plasticity and evolution 72 of glucosinolate defensive chemistry in the wild perennial herb Boechera stricta, 73 a close relative of Arabidopsis. Goals of this study were (1) to characterize 74 genotype-by-environment interactions underlying glucosinolate variation in B. 75 stricta, (2) to assess whether glucosinolate plasticity alters relative fitness after 76 transition to novel habitats, and (3) to test whether natural selection acts on 77 glucosinolate reaction norms within habitats. 78
We measured glucosinolate profiles, size, and fecundity of 25 B. stricta 79 genotypes replicated in 80 experimental blocks divided among four common 80 gardens in diverse habitats ( Figure 3 ). Because Boechera has limited dispersal 81 (<0.5 m on average; Bloom et al. 2002) , the environmental variation 82 encompassed by the widely separated common gardens is much greater than 83 what individual B. stricta populations normally encounter; thus, plasticity among 84 field sites describes plasticity after a sudden environmental change or migration 85 to a new habitat. To assess whether glucosinolate plasticity among habitats 86 exhibits an "adaptive" or "nonadaptive" pattern, we compared the direction of 87 selection in each site with the direction of diverse genotypes' plastic responses to 88 that site (Figure 1g -k). Then, we quantified within-habitat glucosinolate plasticity 89 and assessed its relationship to fecundity in each habitat using genotypic 90 selection analysis on reaction norm coefficients (Figure 2g -h). We found that 91 substantial genotype-by-environment interactions underlie glucosinolate 92 variation in B. stricta, and plasticity among sites tended to move trait values in 93 an adaptive direction; however, we did not detect selection on glucosinolate 94 plasticity within habitats. multiple comparisons using the sequential Bonferroni correction (Holm 1979) . 102
Additional details for all sections are available in Supplementary Methods. All 103 data and R code will be made freely available in a Dryad repository upon 104 publication. 
Design and installation of field experiment 129
In October 2013, we planted 4,000 self-full siblings of 25 naturally inbred 130
Boechera stricta genotypes ( Supplementary Table 1) 145 During summer 2014, we returned to each site several times to measure 146 survival, developmental stage, and height. At the end of the growing season, we 147 measured fruit production for each surviving individual. Because B. stricta is 148 predominantly self-pollinating (Song et al. 2006 ), fruit production reflects both 149 male and female fecundity, and thus is a good estimate of reproductive fitness.
Measurement of plant performance in the field
For phenotypic selection analyses (below), we used fecundity (in mm of 151 fruit produced) as a measurement of reproductive fitness: 152
For estimation of genotypic fitness, we also calculated the probability of 154 survival for each genotype l : 155 = <=>?@A BC D=AEFEF<G F<HFEFH=IJD BCG@<BKLM@ J <=>?@A BC F<HFEFH=IJD BC G@<BKLM@ J BAFGF<IJJL MJI<K@H
156
We then calculated the total evolutionary fitness for each genotype as: 157
Measurement of glucosinolate profiles 159
Because insect attack can induce additional production of glucosinolates 160 (Agrawal 1998), we measured glucosinolate profile as early as possible in the 161 summer, before peak herbivory. On the earliest census date for each site, we 162 collected ~20-30 mg of rosette leaf tissue from each surviving plant into tubes 163 containing 70% methanol. Samples were shipped to Duke University, then fully 164 randomized onto 96-well plates. Glucosinolates were extracted from the 165 methanol leachates using established protocols (Supplementary Methods). We Genotype*Block, and Batch were random-intercept terms; the rest were modeled 205 as fixed effects. One genotype was omitted from the analysis because no 206 individuals of that genotype survived at one field site. Spearman's rank 207 correlation tests of least-squares means resulting from this model (for the 208 Genotype fixed effect) revealed that these traits were partially genetically 209 correlated, although correlations between BC-ratio and both other traits were 210 driven by three outlier genotypes that entirely lacked branched-chain 211 glucosinolate functionality ( Supplementary Table 3 ). Least-squares mean trait 212 values for Site, Genotype, and Genotype × Site fixed effects were used to quantify 213 plasticity among habitats. 214
To better understand how variation in individual glucosinolate compounds 215 we repeated the above analysis for square-root-transformed concentrations of 217 2OH1ME, 1ME, 1MP, and 6MSOH. Similar to the emergent properties that are 218 the focus of this study, concentrations of individual compounds were strongly 219 genetically controlled but also highly plastic within and among habitats. 220
( Supplementary Tables 4, 9b ; Supplementary Figures 2-3 ). However, genetic 221 correlations between individual compounds were even stronger than those 222 between emergent glucosinolate profile properties ( Supplementary Table 3b ). where f(x) is the selection differential (i.e., relative fitness as a function of a given 275 trait at a given site; see above), FJ is the least-squares mean trait value of 276 genotype l at site i (depicted by the black and red points in Figure 1g -j), and J is 277 the least-squares mean trait value of genotype l averaged across all sites (depicted 278 by the black and red dashed lines in Figure 1g -j). Both FJ and J were calculated 279 from the REML variance-partitioning model described above. J represents the 280 trait value of a hypothetical genotype that is identical to genotype l except that it 281 lacks plasticity. Therefore, ∆ is an estimate of the fitness change that can be 282 attributed to plasticity among sites of a trait that is under selection. Positive 283 values of ∆ constituted evidence of adaptive plasticity; negative values indicated 284 non-adaptive plasticity. 285
We conducted an exact binomial test of the null hypothesis that plasticity 286 is equally likely to move glucosinolate trait values in an "adaptive" or a "non-287 adaptive" direction. Weak cases of plasticity, in which the 95% CI of ∆ included 288 zero, were excluded from this analysis. 289
Characterizing within-habitat plasticity using reaction norms 290 In this study, we focused on phenotypic plasticity induced by spatial 291 environmental variation at a single time-point. Because each plant in this study 292 only experienced a single spatial environment, plasticity of individual plants 293
could not be measured. Instead, spatial plasticity of glucosinolate profiles is a 294
property of a genotype, estimated by comparing the phenotypes of individuals 295 that shared the same genotype but were growing in different experimental blocks. 296
To infer whether natural selection was acting on fine-grained glucosinolate 297 plasticity within B. stricta habitats, we (1) quantified plasticity among blocks for 298 each genotype as a continuous function or reaction norm, and (2) used genotypic 299 selection analysis to test whether reaction norm steepness-a measure of 300 plasticity-predicted evolutionary fitness of each B. stricta genotype. 301
First, for each of 25 genotypes we fit one reaction norm to describe each of 302 the three glucosinolate traits as a continuous linear function of an environmental 303 index (EI, a numerical descriptor of microhabitat conditions within each 304 experimental block)-for a total of 75 reaction norms (3 traits  25 genotypes). 305
Data from all four sites were pooled for calculation of reaction norms. We 306 assumed that most environmental factors causing glucosinolate plasticity are 307 unknown, and so the relevant environmental characteristics are best "measured" 308 using plant phenotype data. Therefore, we assigned the grand mean trait values 309 observed in each block (for all 25 genotypes, pooled) to be the environmental 310
indices (Finlay and Wilkinson 1963) . We then calculated a reaction norm for each 311 genotype and each trait using linear regression of genotype-specific block mean 312 trait values onto the EIs: 313
The linear regression coefficient ( ) estimated by each model is a reaction 317 norm slope, which describes the magnitude and direction of the plastic response 318 for one genotype. We also calculated the height of each reaction norm by 319 evaluating the linear function at the mean EI value; thus, reaction norm height 320 describes the genotype's predicted trait value in an "average" block ( Figure 2) . 321
Second, to test whether reaction norm slopes were heterogeneous among 322 genotypes, we analyzed genotype-specific block mean trait values and EIs from 323 all 25 genotypes together by fitting an ANCOVA model with an additional 324 Genotype  EI interaction term that described genetic variation for reaction norm 325 slopes: 326
If the interaction term was significant, we concluded that reaction norm slopes 329 were heterogeneous among genotypes. were calculated using data pooled from all four sites (see above), but to allow for 339 the possibility that plasticity is not equally advantageous in all habitats, we 340 measured selection on these parameters separately at each site. 341
To test for linear selection on reaction norm slopes, we conducted 342 genotypic selection analysis separately for each glucosinolate trait at each site. diversity-varied among genotypes and among field sites ( Figure 5a ; Table 1 ). All 359 three traits were also affected by developmental stage and plant size (Table 1 ; 360 Supplementary Figure 4 ). Genotypic variation for BC-ratio has been previously 361 (Table 1) . Thus, circles show the mean trait value for each genotype (averaged across all sites); triangles show the mean trait value at each site (average for all genotypes). Note that the horizontal position of the triangles is meaningless-they were placed in order to not obscure the genotype means. Error bars are 95% confidence intervals. 
BC-diversity
East West than the WEST; however, genetic variability for the other traits was comparable 366 between the subspecies (Figure 5a ). Genotypes varied less in glucosinolate 367 quantity than in BC-ratio and BC-diversity, except for SAD12, which produced 368 nearly twice the concentration of glucosinolates as the others. SAD12 is also 369 notable as the only genotype in the experiment that originated in Colorado; the 370 others are from Idaho or Montana. Nevertheless, analysis of Total [GS] yielded 371 the same results regardless of whether the outlier SAD12 was included. 372
All three traits showed significant plasticity among sites. For Total [GS] , 373 the magnitude of the site effect was comparable to variation attributed to 374 genotype-in particular, plants growing at Mahogany Valley produced only 50% 375 the quantity of glucosinolates as those growing at the other sites, on average 376 (Figure 5a) . In contrast, for BC-diversity and especially BC-ratio, the magnitude 377 of plasticity among sites was minor compared to the variation due to genotype. 378
Additionally, BC-ratio and Total [GS] varied significantly among blocks within 379 sites (6.3% and 11.2% of the total variance, respectively), indicating that meter-380 scale environmental heterogeneity affected expression of these traits 381 ( Supplementary Figure 5a ; Table 1) . 382
Finally, significant genotype-by-site interactions confirm that genotype 383 and environment acted synergistically to shape glucosinolate profiles (Table 1) . In 384 general, EASTERN genotypes were more sensitive to environment than WESTERN 385 genotypes, especially for BC-ratio and BC-diversity. However, patterns of 386 plasticity among sites varied even within subspecies (Figure 5b ). In addition to 387 these genotype  site interactions, genotype  block interactions accounted for 388 65.3% and 35.9% of the variance in BC-ratio and BC-diversity, respectively. This 389 indicates strong genetic variation for plasticity of glucosinolate composition in 390 response to environmental heterogeneity on the meter scale within habitats. 391
Consistent with the observed subspecies difference in plasticity among habitats 392 (Figure 5b) , EASTERN genotypes displayed greater plasticity among blocks within 393 habitats, as well ( Supplementary Figure 5b) . Supplementary Table 5 ). 401
Pooling the data from all sites and testing for a Site*Total [GS] interaction failed 402 to reject the null hypothesis that these selection differentials were equivalent 403 (Supplementary Table 6 ), suggesting that high glucosinolate concentrations are 404 equally costly or disadvantageous in all four habitats. In contrast, linear selection 405 on BC-diversity varied among sites ( Supplementary Table 6 ). Specifically, high 406 BC-diversity was associated with higher fecundity at Jackass Meadow but lower 407 fecundity at Alder Creek and Silver Creek (Figure 6f-h) ; however, we detected no 408 significant selection on BC-diversity at Mahogany Valley (Supplementary Table  409 5). 410 Figure 6 : Evidence for adaptive glucosinolate plasticity among field sites. We detected seven cases in which a glucosinolate trait was under linear selection within a field site (b-h), and two cases of quadratic (disruptive) selection (i-j). Selection differentials are plotted as red lines.
For each of these cases, we asked whether patterns of plasticity among sites resulted in increased or decreased relative fitness (!"). To do this for each genotype, we evaluated the selection differential at two values: the genotype's LS mean trait value across all sites (which represents a hypothetical "no plasticity" scenario) and the genotype's true LS mean trait value at that site (a). The averages of these trait values across all genotypes are depicted as dotted and solid vertical lines, respectively, in the left side of panels (b-h). In the right side of panels (b-h), !" due to plasticity is plotted for each genotype. Positive and negative estimates of !" are considered evidence for adaptive and non-adaptive plasticity, respectively, if their 95% CIs do not contain 0 (colored in orange and blue respectively). Panel (k) summarizes counts of adaptive and non-adaptive plastic responses for each genotype (left) and each glucosinolate trait (right). Overall, plasticity was in an adaptive direction more often than would be expected by chance (44 out of 58 observations; exact binomial test, P=0.0001). For thoroughness, we also calculated linear selection gradients to assess direct 412 selection on each trait while controlling for indirect selection on the other 413 glucosinolate traits (Supplementary Methods). The selection gradients generally 414 agreed with the selection differentials, and also indicated that BC-ratio may be 415 under negative selection at Mahogany Valley ( Supplementary Table 7) . 416
Finally, we found evidence that disruptive selection is acting on BC-ratio at 417
Silver Creek and on Total [GS] at Alder Creek (Figure 6i -j; Supplementary Table  418 8). 419
Plasticity among habitats was more likely to move glucosinolate 420 profiles in an adaptive than a non-adaptive direction
421
Each of the nine cases in which a glucosinolate trait was under selection at 422 a given site (Figure 6b-j) was an opportunity for plasticity to alter trait values in a 423 way that affected evolutionary fitness. Because the strength and direction of 424 plasticity varied among genotypes ( Figure 5 ), we assessed the frequency of 425 adaptive versus non-adaptive plasticity for each genotype. We used each 426 genotype's experiment-wide LS mean trait values as baselines, representing a 427 hypothetical genotype that was identical except that it lacked plasticity among 428 sites (Figure 1g-k) . Relative to this baseline, plasticity was strong enough to 429 substantially alter relative fitness in 27% of all cases. This was especially true for 430 genotypes of the EAST subspecies, which were more plastic than WESTERN 431 genotypes, particularly for BC-ratio and BC-diversity ( Figure 5b ). Plasticity 432 among sites affected fitness nearly 40% of the time for EASTERN genotypes, but 433 only 14% of the time for WESTERN genotypes (Figure 6k ).
Of the 58 cases in which a genotype's plasticity was strong enough to affect 435 its fitness, 44 shifted trait values in an adaptive direction-considerably more 436 than would be expected by chance (exact binomial test, P=0.00015; Figure 6k ). 437
We found that the direction of plasticity matches the direction of selection 75.9% 438 of the time (95% CI = 62.8% to 86.1%). However, this was largely driven by the 439 EAST subspecies-not only because WESTERN genotypes were less plastic overall 440 (c 2 =13.5, P=0.0007), but also because their plastic responses were more likely 441 than those of EASTERN genotypes to be in a non-adaptive direction (c 2 =9.4, 442 P=0.039; Figure 6k ). 443 (Figure 5a ). We observed abundant genetic diversity for plasticity both 462 ! Figure 7 : Genotype-specific glucosinolate reaction norms. The mean trait values of each genotype in each block were regressed onto the grand mean trait values for all genotypes in each block, or "environmental index". Each resulting regression line is a reaction norm for one genotype, plotted here in red or black for EASTERN or WESTERN genotypes, respectively. Genotypes with steeper reaction norm slopes exhibit more plasticity in response to continuous environmental gradients. The "average reaction norm" (equivalent to the line y=1*x, where the expressed trait value equals the block mean trait value) is shown as a blue dashed line. The purple vertical dotted line denotes the mean environmental index for each trait (i.e., an average environment), the value at which reaction norm height was evaluated. Table 1 ). Particularly striking 463 was the 65% of BC-ratio variation that was explained by genotype-by-block 464 interactions ( Supplementary Figure 5b ; Table 1) . 465
Glucosinolate reaction norms were genetically variable but not
In general, EASTERN genotypes were more plastic than WESTERN 466 genotypes, and there was additional genetic variation in reaction norm shape and 467
inter-site plasticity within the EAST subspecies (Figure 5b; Figure 7 ). However, 468 this divergence does not reflect adaptation to within-habitat heterogeneity. With 469 a few exceptions, all of the environmental variables that we measured had similar 470 variances in the two EASTERN habitats and the two WESTERN habitats 471 (Supplementary Figure 6) , indicating that neither subspecies generally occupies 472 more complex habitats than the other. The lack of variation for glucosinolate 473 plasticity among WESTERN genotypes is consistent with observed patterns of 474 reduced molecular diversity relative to EASTERN genotypes (Baosheng Wang, 475 personal communication), and might limit further evolution of reaction norms 476 within the WEST but not the EAST subspecies. 477
Glucosinolate plasticity may aid colonization of new habitats 478
Because the distances separating our field sites are much greater than the 479 dispersal distance of Boechera (Bloom et al. 2002) , it is unlikely that the inter- the site-specific trait values can be compared; here we used each genotype's 492 experiment-wide mean trait value as the baseline. We note that if the four field 493 sites used in this experiment were somehow unrepresentative of the wider range 494 of habitats occupied by wild B. stricta populations, then this baseline might not 495 reflect the "true" average glucosinolate profile, and thus our estimations of 496 plasticity might be incorrect. We have no reason to suspect this is the case, 497 because we chose these sites to reflect the diversity of habitat types in the region 498 ( Supplementary Figure 1 ; Supplementary Table 2) In this experiment, we detected natural selection acting on at least one 505 glucosinolate trait at all four field sites (Figure 6b-j) . Selection consistently 506 favored lower Total [GS], suggesting a cost of producing these defensive 507
compounds (Mauricio 1998) . In contrast, the direction of selection on BC-508 diversity varied among sites. Strikingly, plasticity of BC-diversity in EASTERN 509 genotypes mirrored these varying selection pressures. Trait values increased in 510 sites where BC-diversity was under positive selection, and decreased where it was 511 under negative selection, resulting in significant fitness boosts for the most 512 plastic genotypes (Figure 6f-h) . Across all traits, sites, and genotypes, plasticity 513 was often not strong enough to substantially affect fitness. When it was, however, 514 it was much more likely to increase fitness than to decrease it (Figure 6k ; exact 515 binomial test, P=0.00015). 516
The whole of the data suggest that glucosinolate plasticity often changes 517 defensive chemistry to better match the local selection pressures, and therefore Finally, we highlight the implications of genetic variation for plasticity. 526
Although glucosinolate plasticity was adaptive on average, some genotypes were 527 more likely than others to exhibit nonadaptive plasticity or to simply lack plastic 528 responses ( Figure 6k ). Based on our results, we expect glucosinolate plasticity to 529 aid the colonization of new habitats 20.4% of the time, overall. However, 530 considering only WESTERN genotypes, this estimate drops to 6.5%, while EASTERN 531 genotypes are expected to benefit from glucosinolate plasticity 34.3% of the time. 532
Similarly, glucosinolate plasticity is expected to hinder colonization of new habitats 6.5% of the time species-wide, but the rate is slightly higher for WESTERN 534 than EASTERN genotypes (Figure 6k ). These results illustrate that the contribution 535 of glucosinolate plasticity to persistence after environmental change is not 536 uniform across the species. 537
No evidence for selection on plasticity within habitats 538
In this experiment, we detected little evidence for selection on 539 glucosinolate reaction norms, or plasticity in response to continuous 540 environmental gradients. Because this study included only 25 genotypes, 541 evidence for selection on reaction norms may become clearer as more genotypes 542 are analyzed. Consistent with this, selection gradients on reaction norm height 543 (i.e., mean trait values across all blocks) lacked statistical support but agreed 544 qualitatively with the patterns detected using the phenotypic selection analysis 545
(compare values in Supplementary Table 5 with w values in Supplementary 546 Table 10 ). Another possible reason for this negative result is that selection 547 pressures on glucosinolate profiles may not vary on such a fine spatial scale, 548 reducing the opportunity for adaptive plasticity within habitats (Via and Lande 549 1985; Gomulkiewicz and Kirkpatrick 1992) . The lack of observed selection 550 against plasticity suggests that glucosinolate plasticity does not carry a 551 significant cost (Auld et al. 2010) . 552
In addition, inter-annual variation is one potential cause of plasticity and 553 variable selection that we did not address in this study. Other experiments have 554
shown that herbivory pressure on B. stricta varies considerably over a span of a 555 few years within a single site (Mitchell-Olds, unpublished); consecutive generations of a B. stricta lineage might therefore experience very different
